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In the last census year, the state of Illinois excelled all other states 
in the value of farm land, in the value of the corn crop, of the oats 
crop, and of the hay crop; and in the value of all crops Illinois.excelled 
the next highest by more than 57 million dollars, or nearly 20 percent. 
But the agricultural people of Illinois are not content to rest upon 
past achievements. They do not resent, but rather welcome, every in-
telligent suggestion and all trustworthy information looking toward 
still greater and more permanent improvement. 
In harmony with this unprejudiced, progressive attitude, the 
farmers of Illinois, thru their State Farmers' Institute, indu~ed the 
Legislature to provide the authority and facilities whereby the Agricul-
tural Experiment Station is systematically investigating, by practical 
scientific methods, the soils of Illinois, in order to secure the best 
information possible in regard to usable economic means for profitably 
increasing their production; and the farmers with $200 :i.and seem 
quite as ready as those with $20 land to make further improvements 
and to insure permanency. Hence, there is no need. to offer any a polo· 
gies for the subject under discussion. 
CROP VALUES 
According to the United States Bureau of Census, the value of 
the farm crops grown in Illinois in 1909 was 372 million dollars, of 
which more than 90 percent, or 337 millions, represents the value of 
the corn, oats, wheat, and hay. The combined value of all other farm 
crops, including· the other cereals and all vegetables, fruits, and nuts, 
was less than one-tenth of the total crop value. 
The average farm prices for these most important Illinois crops, 
as reported by the Census for 1909, were 51 cents a bushel for corn, 
40 cents for oats, $1.00 for wheat and $9.31 a ton for average hay, 
while the Illinois ten-year averages for 1906 to 1915 as reported by 
the United States Department of Agriculture, were 50 cents a bushel 
for corn, 38 cents for oats, 91 ·cents for wheat, and $12.25 a ton for 
No.1 timothy hay. The prices commonly used by the Illinois Experi-
ment Station in computing the value of these crops in farm storage 
are 50 cents a bushel for corn, 40 cents· for oats, $1.00 for wheat, and 
$10 a to~ for hay. 
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The average acre-value of these four Illinois crops was placed at 
$15.88 by the Census for 1909, and at $14.80 by the Department of 
Agriculture for the ten-year average. The Census value is· doubtless 
accurate for the year, but the other value, tho based upon estimates, 
also merits consideration, because it is a ten-year average. Averaging 
these two averages gives $15.34, which is perhaps as trustworthy as 
can be secured for the average acre-value of these four Illinois crops 
during the past decade. 
The average Illinois acre-yields for the last four census years are 
37.6 bushels of corn, 35.8 of oats, 15.2 of wheat, and 1.30 tons of hay; 
and these yields at the prices used by the Illinois Station give $15.33 
as the average acre-value. While it is, of course, a mere coincidence 
that this is the same as the general average· of the other values given, 
it seems reasonable, for purposes of comparison, to regard it as the 
normal average acre-value of these four Illinois crops when an equal 
acreage of each is included. If we consider the combined total acre-
age and the combined total value of these four crops, then the average 
acre-value for Illinois was $17.04 for the census year, this higher value 
being due to the larger acreage in corn. 
I do not feel qualified· to give a complete answer to the question, 
"Why Illinois Produces Only Half a ·Crop," but I am able to present 
some facts which bear upon the question and v:hich I hope may justify 
in your judgment my own conviction that, at the same prices, the 
average acre-value of these crops may be changed, by practical, profit-
able methods, from $15 or $17 to $30 or $35, provided efficient labor 
can be secured at reasonable expense. 
But before considering these facts, it seems only fair, and some-
what consoling, to point out that Illinois is not now behind her sister 
states. The production of crops in Illinois is perhaps most fairly 
comparable to the production of Iowa, on the west, and to the com-
bi-ned production of Ohio and Indiana, on the east. For close dis-
crimination, it is not fair to compare average acre-yields of crops 
which may be grown in much smaller acreage in one state with those 
in another. Thus, the average acre-yield of ·the 8 million bushels of 
New England corn grown in large part on heavily fertilized market 
gardens or dairy farms should not be · compared with that of the 13 
million bushels of LaSalle county corn produced where the farm 
profits must come from the corn ·and not from potatoes or other vege, 
tables for which the fertilizers are applied in New England. The 
fairest comparison is between values per acre for the total acreage of 
the leading crops. The Census reports that Ohio and Indiana, combined, 
produced, in round .numbers, 22 million acres of corn, oats, wheat and 
hay, valued at 355 million dollars ·; Iowa produced 19 million acres 
valued at 284 million dollars; and Illinois produced 20 million acres 
valued at 337 million dollars. The weighted averages based upon the 
1917] WHY lLLI OI S PRODUCES 0 NL y HALF A CRoP 5 
complete data show returns per acre in these crops of $16.28 for Ohio 
and Indiana, and $14.58 for Iowa; and the average of these averages · 
is $15.43, while the weighted average for Illinois is $17.04. 
Unfortunately, the Census reports do not include the live stock· 
purchased, a knowledge of which is necessary for a fair comparison of 
farm receipts. Certainly the gross receipts from a carload of cattle 
purchased six months before are not fairly comparable to the receipts 
from cattle raised on the farm. It wculd be fair, how~ver, to subtract 
from the value of Ohio and Indiana crops about 6 million dollars ·paid 
for commercial fertilizers; and, if the Illinois crop values were com-. 
pared only with those of Ohio and Indiana, this allowance would 
increase the average difference from 76 cents to $1.02 per acre in favor 
of Illinois. 
These general comparisons serve only to indicate that the Illinois 
system of permanent fertility may deserve more general application.'. 
SOME OLD EXPERIMENTS IN ILLINOIS 
It so happens that the oldest soil experiment field in the United 
States is located at the University of Illinois: It was once on the far'm; 
but is now on the campus, of that institution, owing to the develop-
ment and expansion of the University. This oldest field was started 
by George E. Morrow, who for seventeen years was Professor of Agri-
culture, and this was only one of several lines of excellent work.whicli 
he inaugurated as a pioneer investigator.· Here, on part of the field, 
corn has been grown on the same land every year sjnce 1879 ; on 
another part corn and oats have been grown in alternation; and on a 
third part corn, oats, and clover have grown in rotation. 'rhese are 
known as the Morrow Plots. 
On an adjoining tract of land, fifty additional ~xperimental plots, 
laid out by Eugene Davenport a few months after he entered the 
service of Illinois in 1895, a five-crop rotation system with corn, oats, 
elover, wheat, and alfalfa is now in operation. 
Thus, at the close of next year the Morr')W Plots will have been 
under experiment for forty years, and one additional year will com-
plete a full quarter century of carefully conducted investigations and 
accurately recorded agricultural facts from the much more extensive 
Davenport Plots. These two sets of experimental plots are located on 
the most extensive and the most important type of soil · in ·the state, 
and the results which are being secured and which will be secured · in 
the future from these actual field trials with different systems of 
farming on these old experiment fields will be, in my judgment, t~e 
most potent single factor to influence and improve the practice of 
agriculture in Illinois. They are within five minutes' walk of ihe 
Agricultural College building, and even nearer to the proposed site 
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_of the hoped for new agricultural building. They thus constitute a 
highly essential and readily accessible field laboratory for more than 
a thousand students enrolled in the College of Agriculture. In addi-
tion, they are visited each year by thousands of interested and in-
fluential people, many of whom are able to see them only because of 
their ideal location. 
On the Morrow Plots, with no restoration of fertility, the acre-
value of the produce, as an average of the ten-year period 1906 to 
1915, was $14.40 where corn is grown every year, $16.98 where corn 
and oats are alternated, and $19.69 where corn, oats, and clover are 
rotated, these values being computed at , 50 cents a bushel for corn, 
40 cents for oats, and $10 a ton for hay. In. comparison we may re· 
call $151j3 as the average of the acre-values of corn, oats, wheat, and 
hay, or $17.04 as the weighted average acre-value for those Illinois 
crops. It so happens that the ten-year average value for the corn-
oats system is only 6 cents from the weighted average already quoted, 
and without doubt the most common crop rotation practiced in this 
state is corn after oats and oats after corn, but at the prices used the 
results secured indicate an increased acre-value of the crops grown 
when clover is added to this system. This ·is not due to the value of 
the clover as a money crop, but, in considerable. effect, to the increased 
yield of corn produced by adding clover to the rotation, the average 
acre-yields of corn having been 28.8 bushels with corn every year on 
the same land, 37.5 bushels with corn after oats, and 57.6 bushels with 
c0rn after clover. 
It is an interesting fact that the yield of corn after clover aver-
ages exactly twice the yield of corn after corn. But these average 
yields are not strictly comparable, because corn is not represented 
every year in the two-crop and three-crop systems on the Morrow 
Plots. However, corn is represented every year in the clover rotation 
on the Davenport Plots, where the average yield, with no restoration 
of fertility, was 55.5 bushels, compared with the less trustworthy 
aver<tge of 57.6 bushels on the Morrow Plots. 
The Davenport Plots include five series of ten plots e·ach, and, 
as stated, these are used for five crops-corn,- oats, clover, wheat, and 
alfalfa-probably the five most important farm crops for Illinois, 
provided that the clover may be the common red, alsike, mammoth, 
o1· sweet clover, as may best meet the needs of the local conditions. 
'rhese five crops are grown in combination rotation, the corn, oa~, 
clover, and wheat being rotated upon four series, while the alfalfa 
occupies the fifth series for five years. Every fifth year alfalfa is 
seeded after the wheat and the old alfalfa ground is planted to corn, 
so that the alfalfa always occupies 20 percent of the land and is to 
be grown in rotation on all series. 
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From 1895 to 1901, no soil treatment was applied to the Daven-
port Plots, and corn was the principal crop grown, the · obj'ect being 
to study the land, so as to learn whether any serious abnormalities ex-
isted. Beginning with 1902, different systems of soil enrichment were 
started. A preliminary period was required to get these systems fully 
under way, but they have already furnished much valuable d{l.ta bear-
ing upon the fundamental principles which must underlie permanent 
systems of soil fertility. 
While corn, oats, and clover were rotated on three series. and 
corn and oats alternated on two series, from 1902 to 1910, all five 
series were managed as a unit in the application of soil treatment, 
so that they fitted perfectly into the final five-crop system, which is 
considered one of our most valuable permanent rotations. 
The averages of the last five years of the three-crop rotation and 
the first five years of the five-crop system cover the decade 1906 to 
1915, and, as already stated, they show 55.5 bushels of corn per acre 
with no .resto-ration of soil fertility. Under the Illinois system of 
permanent fertility, which includes the use of home-grown organic 
matter, limestone, and phosphorus, the ten-year average acre-yields 
of corn were 77.0 bushels with crop residues and 79.5 bushels with 
farm manure; and, with the further addition of potassium, the cor-
responding yields were 77.6 and 79.5 bushel&. 
The average yields of oats · were 44.4 bushels with no soil treat-
ment, 62.3 with residues, limestone, · and phosphorus; and 63.2 bush-
ILLINOIS EXPERIMENTS 
ACRE-YIELDS FROM MORROW (M) AND DAVENPORT (D) PLOTS 
Serial I 8 il \ 10-yr. average 1906-1915 5-yr. . , 4-yr. !Average l t 0 average average acre-k~. treatment Corn I Oats I Clover Wheat Alfalfa value5 
I 
bu. 
I 
bu. ltons: :~u.)' I bu. 
I 
tons 
I 
M3 I None 28.8 $14:.40 . M4 None 37.52 38.02 16.98 
M5 None 57.63 33.43 1.694 19.69 
D1 I None I 55.5 I 4'4.4 I 1.93 22.2 I· 1 21.75 D 1 None 55.5 44.4 1.93 22.2 3.23 23.86 
D2 I Residues I 56.9 I 47.5 I (1.81) 23.5 I 2.93 I 23.67 D3 Manure 68.4 52.0 2.08 24.8 2.80 25.72 
D4 I~ I 61.5 I 49.7 I (1.93) 25.0 I 3.11 I 25.21 D5 71.7 53.9 2.34 28.1 3.79 29.36 
D6 I RLP I 77.0 I 62.3 I (2.44) 39.1 I 5.03 I 35.44 D 7 MLP 79.5 63.2 3.04 38.3 4.98 36.71 
DS I RLPK I 77.6 'I 62.3 I (2.19) 38.2 I 4.93 I 34.62 D9 MLPK 79.5 63.3 3.08 37.3 5.02 36.67 
10r equivalent in cowpeas or soybeans. 2Five-year average. 
1Three-year average. 4Four-year average. 
6Prices: 50 cents a bushel for corn, 40 cents for oats, $1 for wheat · and 
soybeans, $10 for clover seed, $10 a ton for hay. 
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-els with manure, limestone, and phosphorus. With potassium in addi-
tion, 62.3 and 63.3 bushels were produced. 
The average yields of wheat during the five-year period were 22.2 
bushels on untreated land, 39.1 with residues, limestone, and phos-
phorus; and 38.3 bushels with manure, limestone, and phosphorus. 
With po.tassium added, the yields were 38.2 and 37.3 bushels. 
More complete details are given in the accompanying tabular 
statement. 
If we include the clover with the corn, oats, and wheat, the aver· 
age acre-values were $21.75 with no soil enrichment, $31.73 with 
.residues, limestone, and phosphorus; and $33.44 with manure, lime-
stone, and phosphorus. ·Compare these values with $_14.40 where corn 
is grown every year and with $16.98 . where corn and oats alternate; 
or with $17.04 as the weighted state average based upon the Census 
data. 
Alfalfa seeded on corn ground in the very dry season of· 1911 
was not successful, and it was reseeded in 1912, yielding harvests in 
1913, 1914, and 1915. In 1915 another series was seeded to alfalfa, 
after harvesting wheat, and from this three cuttings were secured in 
1916. As an average of the four years' results, 3.23 tons per acre 
were produced on untreated land, 5.03 tons with residues, limestone, 
and phosphorus; and 4.98 tons with manure, limestone, and phos-
phorus. With potassium as a further addition, the yields were 4.93 
and 5.02 tons. If we include the alfalfa yields with those for the 
.corn, oats, clover, and wheat, the acre-value becomes $23.86 with no 
soil treatment, and $36.07, as an average, with organic matter, lime-
stone, and phosphorus. 
When clover failed in these rotations, soybeans were substituted, 
and these were valued at $1 a bushel for the seed or at $10 a ton for 
· hay. (Clover seed harvested was valued a~ $10 a bushel.) 
In the accompanying table are recorded the average yields of the 
corn, oats, wheat, and alfalfa, the clover equivalent of the other le-
gumes, and the average acre-values of all the crops from all plots 
except' No. 10, which receives special treatment. 
As a general average, potassium seems to have increased the corn 
by .3 of a bushel and the oats by less than .1, and to have decreased 
the wheat by 1 bushel -and the alfalfa by 60 pounds per acre. With 
the other legumes, it decreased the seed and slightly increased the hay. 
In other words, the application of commercial potassium, costing 
about $2.50 an acre a year at normal prices, produced practically no 
effect, and the close agreement between the average yields with and 
without potassium suggests that the results merit a high degree of 
confidence, the potassium plots serving primarily as duplicates of 
those otherwise treated the same. (The discrepancies in the alfalfa 
yields may disappear when records from all series become available for 
averaging.) 
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·In the residue system, phosphorus increased the average acre-
yields by about 15 bushels of corn, 13 of oats, 14 of wheat, and by 
nearly 2 tons of alfalfa, while in the manure system the correspond-
ing increases were about 8 bushels of corn, 10 of oats, 10 of wheat, 
and more than 1 ton of alfalfa. Without doubt these differences are 
due to the fact that the phosphorus is largely deposited in the grain 
or seed of crops, and, when the gra:Ln is fed, more phosphorus is re-
turned in the manure than in the crop residues. 
On the Davenport Plots, commercial . phosphorus was applied 
only in bone meal from 1902 to 1907, but subsequently bone meal has 
been applied to one half and rock phosphate to the other half of the 
phosphorus plots. If ·we pass over 1908, 1909, and 1910 as a transi-
tion period, the ;;tverages of the next five years with the £our-crop 
rotation show returns per dollar invested of $2.85 from bone meal at 
$30 per ton ·and $2.64 from rock phosphate at $7.50 per ton, with 
two-thirds of the rock 'phosphate left in the soil after the bone meal 
is exhausted. · 
Where soil enrichment is practiced on part of the Morrow Plots, 
the ten-year average of all crop systems shows 31 cents per acre 
greater returns from rock phosphate than from bone meal, altho at 
the prices mentioned the bone meal applied cost 75 cents per acre 
more than the rock phosphate. These results suggest that the larger 
amounts of phosphorus applied in the rock pho~phate are beginning 
to show a cumulative benefit. 
ROTATION EXPERIMENTS IN ILLINOIS 
On the University South Farm at Urbana, experimental plot8 
were laid out in 1903 on land which for many years had been farmed 
on a cash-rent basis. Three different four-crop rotation systems were 
soon started, one of which is wheat, corn, oats, and legume; another, 
corn, corn, oats, and legume ; and the third, corn, corn, corn, and 
legume. It will be noted that these systems differ, in part, by having 
(lne corn crop, two corn crops, and three corn crops, respectively, in 
each rotation period. In each system there are four different fields, 
so that every crop may be represented every year. .Clover is the 
legume regularly used in the one-corn and two-corn systems, but soy-
beans are used in the three-corn system, and they are also substituted 
in the other rotations when clover fails. -
In each of the three rotation systems, the soil on one or more of 
the fields used includes more or less black clay l_oam or other heavy 
soil type, so that with reference to soil enrichment the results, as a 
whole, are not comparable to those secured from typical brown silt 
loam. However, the proportion of heavy soil in each -is so nearly the -
same that local comparisons among the three systems seem reasonably 
trustworthy, at least for the corn· crop, and perhaps also for the aver-
age value of all crops. 
10 CIRCULAR. No. 193 [.April, 
-The systems of soil treatment now practiced were not started in 
full until 1909, so that comparisons previous to that date, on land 
V'hich Jiad all been heavily cropped with corn before 1903, would have 
little significance or value; in the residue system the plowing under 
of corn stalks was :first begun in the rotation period 1909 to 1912, 
which, therefore, must also be regarded as in part preliminary. 
The South Farm plots are used primarily for variety · tests and 
other experiments with crops, the only soil experiments being to 
determine the effect on productiveness of different crop rotations, of 
crop residues as compared with farm manure, and incidentally of 
purchased materials, such as phosphate or limestone, 1 which might 
be applied in addition to the organic manures. 
'!'he· average results secured during the eight years 1909 to 1916 
are summarized in the accompanying table, which includes the eight-
year average acre-yields of corn and the average acre-values of all 
crops at the prices previously mentioned. This table is easily under- -
stood and needs no extended discussion. 
As an eigP.t-year average, 68.4 bushels and 31.0 bushels represent 
the extremes in acre-yields of corn ; while in acre-values the correspond-
ing comparisons are $28.80 and $18.66. As the number of corn crops 
in the four years increases, the yield per acre decreases; and, where 
corn follows corn, the second crop is 3 to 4 bushels smaller than the 
first and the third is 7 to 10 bushels smaller than the second. 
At the prices used, the average acre-value is greatest with the 
one-corn system, and lowest with the three-corn system, altho the high 
ILLINOIS EXPERIMENTS 
ACRE YIELDS FROM PLOTS ON THE UNIVERSITY SOUTH FARM 
Eight-Year Average: 1909-1916 
R?tation .••.••••••••.•••.. oats-legume legume Corn-corn-corn-legume ! Wheat-corn-~ Corn-corn~oats- ~ Treatment Corn 1st corn j2d co~n 1st corn j2d corn j3d corn 
bu. bu. bu. bu. bu. bu. 
Residues, phosphorus....... 61.4 56.3 52.0 48.5 43.7 37.8 
Residues.................. 51.9 49.3 47.0 43.4 40.1 32.3 
Manure................... 58.3 51.9 47.2 47.1 42.8 31.0 
Manure, phosphorus. . . . . . . . 68.4 53.9 54.0 50.4 · 46.2 38.7 
Organic matter ............ , 55.1 50.6 47.1 45.2 41.4 31.7 
Organic matter, phosphorus.. 64.9 55.1 53.0 49.4 45.0. 38.2 
Average Acre-Value <>f All Crops 
Residues, phosphorus ...... ·1 
Residues .............•••.. 
Manure ..... . .......•.•.•. 
Manure, phosphorus ....... . 
Organic matter ............ , 
Organic matter, phosphorus .. 
$26.51 $22.09 
22.07 20.01 
24.56 21.85 
28.80 24.00 
$23.31 $20.93 
27.66 23.04 
$21.08 
19.02 
18.66 
20.64 
$18:'84 
20.86 
1The results from South Farm experiments with limestone, mentioned in some 
Soil Re12orts1 are not included in the accompanying tabular stateme:J?-t. 
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value of the corn crop, especially as compared with oats and legumes, 
partially compensates for the decreased corn yields. Thus, with or-
ganic manures and pho~phorus the average corn yield is 47 percent 
greater in the best system than in the poorest, while the acre-value 
is only 33 percent greater. This rule holds for both the grain system 
and the live-stock system, altho not to the same degree because the 
hay of clover usually brings larger acre-values than the seed. 
As an average, rock phosphate applied at the yearly rate · of 500 
pounds per acre ( 1 ton every four years) has paid back two and one-
third times its cost in the best rotation and slightly more than its 
cost in the other systems, notwithstanding the heavy soil, which is not 
so deficient in phosphorus as th~ more common prairie land; and it 
should be noted, too, that after about one more rotation period the 
application of phosphate may be reduced to 200 pou'nds a year ( 800 
every four years), which will amply provide for the permanent main-
tenance of the supply at the final high level. 
These South Farm data especially emphasize the importance of 
good ,crop rotations, thus supporting the less extensive data in that 
line from the North Farm. On the whole, the established facts seem 
to prove that both the average acre-yields and the average acre-values 
of the most common Illinois crops on the most common Illinois soil 
can be doubled: by the adoption of better crop rotations, including 
more liberal use of legumes, with the return of more organic manures, 
together with the systematic application of limestone and phosphorus, 
and with no expenditure for either commercial potassium or com-
mercial nitrogen. Upon all of these points there seems to be general 
agreement, if we may disregard the many advertisements, direct and 
indirect, open and concealed, of mixed commercial fertilizers. 
~he one question which is not so fully agreed upon relates to the 
form in which the phosphorus should be applied, and I again beg to 
place before the Illinois Farmers Institute the latest information con-
cerning this question, from field and laboratory investigations. 
PHOSPHATE EXPERIMENTS IN Omo 
First, because of their great practical value to Illinois· agriculture, 
I beg to present the latest data reported from the Ohio experiments 
in which rock phosphate and acid phosphate are used in comparison, 
in connection with yard manure and stall manure, for a three-crop 
rotation of co:rr;t, wheat, and clover. Table XII is taken from Ohio 
Bulletin 305, dated November, 1916. In the main, this table is self-
explanatory. 
Eight tons of fresh manure and 320 pounds of phosphates . per 
acre are weighed out and mixed in the early winter, the mixed ma-
terials being applied at once to the stall-manure plots but allowed to 
lie in the open barnyard till spring before being applied to the yard-
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OHIO EXPERIMEJS"TS 
AVERAGE AcRE-YIELDS, 1897-1915 (From Table XII of Ohio Bulletin 305) 
Plot ~ - Treatment I Corn1 I Wheat I Hay ~ !~:::1 
Grain !Stover Grain 1 Straw produce 
-~------------..!.1 --;::b::u-. 71Jzbh:s-~. ~1b<::'UI·:-.-_ lbs. lbs. 1 None. . . . . . . . . . . . . . . . . . . . . . . . . 40.62 2 365 13.28 1 543 3 020 $16.97 2 Yard manure and raw phosphate. 63.40 3 464 24.94 2 674 4 357 27.04 3 Stall manure and raw phosphate . . 66.75 3 677 26.46 2 869 4 765 28.85 
4 None ....................... ·· 32.38 2 050 11.75 1 370 2 299 13.78 
5 Yard manure and acid phosphate. 63.69 3 372 26.57 2 907 4 260 27.42 
6 Stall manure and acid phosphate. 67.04 3 578 27.06 3 031 4 851 29.22 
1 None ......................... 31.16 1 982 10.90 1 319 2 314 13.33 
8 Yard manure and kainit . . ...... 56.67 3 232 21.52 2 423 3 547 23.28 
9 Stall manure and kainit .. ....... 61.54 3 475 23.13 2 691 4 238 26.06 
10 None ....•...... . .......•..... 34.14 2 049 11.14 1 364 2 488 14.23 
11 None ....... . ..... . ........... 38.97 2 375 14.40 1 732 3 251 17.46 
12 Yard manure and gypsum ....... 60.62 3 400 24.39 2 712 3 885 25.63 
13 Stall manure and gypsum ....... 61.48 3 498 ~4.31 2 695 3 909 25.82 
14 None .................. . ...... 31.77 2 037 11.29 1 334 2 354 13.63 
15 Yard m:::.nure untreated ......... 52.85 2 921 20.72 2 296 3 337 22.07 
16 Stall manure untreated ......... . 59.37 3 271 22.03 4 494 4 000 24.84 
17 None ...................•. . ... 37.94 2 331 11.59 1 409 2 694 15.46 
18 Chemical fertilizers ............ I 47.78 2 690 16.16 1 841 3 163 19.43 
19 Chemical fertilizers .......... ; ·145.20 2 494 15.42 1 885 '3 255 18.89 
20 None ......................... 33.88 2 028 10.72 1 382 2 679 14.39 
Av. with manure and raW phosphate .165.07 13 570 125.70 12 77114 5611 27.94 
Av. with manure and acid phosphate. 65.36 3 475 26.81 2 969 4 555 28.32 
Av. ~th manure alone. . . . . . . . . . . . . . 56.11 3 · 096 21.37 2 ~95 3 668 23.45 
Av. w1th no treatment........ . ..... 34.77 2 153 11.76 1 <.o95 2 536 14.6~ 
1Excluding 1909 corn. 
NoTE.-Kainit and gypsum are applied in the same amount and in the same 
manner as the phosphates. The mixed fertilizers supply per acre once in three 
years about 27 pounds of nitrogen, 5 of phosphorus, and 35 of potassium, on Plot 
18, and 6 pounds of nitrogen, 11 of phosphorus and 4 of potassium, on Plot 1~. 
manure plots, when they are plowed under with the clover sod be-
fore corn is planted, no applications being made for the wheat or 
clover. The field is divided into three sections, or series of plots, in 
order that each crop may be represented every year. The prices now 
used by t:!J.e Ohio Station are 50 cents a bushel for corn, 80 cents for 
wheat, $10 a ton for hay, $2.50 for straw and corn stalks (stover), 
$10 for raw rock phosphate and $14 for acid phosphate. 
In commenting upon the results reported, the .Ohio bulletin makes 
the following statements: · 
''In Table XII are given the average yields per acre obtained in this experi· 
ment for the 19 yec-.rs, 1897-1915. 
"If raw phosphate rock is estimated at $7.50 per ton and 14 percent acid 
phosphate [containing 6 percent phosphorus] at $11.50-prices at which the two 
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materials could have been purchased in bulk carlaail.s delivered at central Ohio 
points before the European War-and $2.50 per ton is added for the cost of 
hauling from railway station to farm and spreading, the acre-cost of the raw 
phosphate rock, as used in this experiment, would be $1.60, ·and that of the acid 
phosphate, $2.24. 
''Deducting these costs from the average ~nnual values shown in Table XII 
would leave $26.34 as the average net return per acre from .the manure reinforced 
with raw phosphate rock, and $26.06 from that treated with acid phosphate.'' 
For present application, perhaps there is greater interest in pres-
ent prices than in those which may have obtained three years ago. 
Thus, the Ohio bulletin opens with the following paragraph: 
''The increasing price of acid phosphate, due to the consumption of sulfuric 
acid in the European War, is causing a renewed inquiry respecting the possibility 
of substituting finely ground, untreated phosphate rock for that which has been 
treated with sulfuric acid.' ' 
Of course, the farm6r must find out for himself what the phos-
phate will cost him whenever he is ready to place his order. 
In fairness to the Ohio Station, I must point out an error in the 
statement quoted concerning the net returns: Not the entire costs for 
three years, but only one-third of those costs for the phosphates, should 
be deducted from the average annual acre-value of the produce. 
The Ohio Station also reports that because of irregular insect 
injury, the 1909 corn crop was omitted in making the averages ; but, 
since this crop was harvested and removed from the land, it seems 
that the land should be duly credited with what it actually produced, 
and, furthermore, there are other irregularities in the crop yields, 
some of which tend in part at least to counterbalance those of the 1909 
corn crop, whose yields were markedly larger with rock phosphate 
than with acid phosphate. 
If this crop is included, then the average acre-value of the produce 
for the nineteen years becomes $27.91 with manure and rock phos-
phate, $28.05 with manure and acid phosphate, and $23.26 .with ma-
nure alone. If we accept these averages, and allow $7.50 per ton for 
rock phosphate and $18.75 for acid phosphate (these being about the 
present prices), then, as a general average, we have a net profit of 
$4.25 from 40 cents invested in natural rock phosphate, and $3.79 
from $1.00 invested in manufactured acid phosphate. 
The Ohio Station has submitted two methods of computing the 
increase produced by the phosphates, the second method being sug-
gested in the following statement: 
"It will be observed that there is a progressive reduction in the yield of the 
onfertilized plots from 1 to 7. If this means that the fertility of the soil has 
diminished regularly from Plot 1 to Plot 7, then the total yields, as shown in 
Table XII, would not be a true measure of the effect of the different treatments.'' 
It is very plain that the yield of Plot 1 is abnormally high, and 
thia is also true for Plot 11, which in the :fi~ld lies end-to-end with 
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Plot 1, and on two of the three sections these plots lie in a position 
to receive surface wash from the adjoining manured plots; but the 
evidence from land topography and crop yields does not indicate that 
Plot 2 partakes of the abnormal character of Plot 1. Thus, the ·dif-
ference in annual value of produce is $1.80 between Plots 5 and 6, 
and $1.81 between Plots 2 and 3 ; whereas, if the second method sug-
gested for computing the increases were correct, the difference be-
tween the annual values from Plots 2 and 3 ought to be only 90 cents. 
These figures certainly indicate. that by such multiplied computations 
we are more likely to introduce errors than to make corrections. 
If the nineteen years are divided into two periods, there are indi-
cntions that the acid phosphate is beginning to produce better results 
than the raw rock in the later period, but the same system of computa-
tion indicates in contradiction to all standard teaching that the yard 
manure is increasing in effectiveness more rapidly than the stall ma-
nure, and also that the abnormality of Plot 1 is increasing, very 
possibly at the expense of the raw phosphate plots, altho the evidence 
also indicates that the stimulating, or caustic, action of the acid phos-
phate, including that of the manufactured land-plaster which it con-
tains, is depleting the soil nitrogen on the acid-phosphate plots even 
more rapidly than it is being removed by erosion from the raw-phos-
phate plots, so that the difference in nitrogen content per acre of 
plowed soil has changed during, a nine-year period by 140 pounds with 
yard manure and by 176 pounds with stall manure, in favor of the 
raw phosphate treatment. At 19 cents a pound, the price used by 
the Ohio Station before the War, these amounts of nitrogen would be 
valued at $26.60 and $33.44, respectively, or $30.02 per acre, as an 
average, in nine years' time. 
The Ohio data and computations seem to establish the fact that 
nitrogen is already becoming a limiting element in these experiments, 
and if the acid phosphate should produce larger crop .yields under 
these conditions because of its destructive action on the organic matter 
of the soil, the effect could not be a permanent benefit, because it tends 
toward soil exhaustion. And the question may also be asked whether, 
if the stimulating effect is desired, it would not be better to apply 
the natural rock phosphate as a source of phosphorus and then supply 
the land-plaster in native gypsum at less expense than is required for 
its purchase in the manufactured acid phosphate. 
PHOSPHATE SoLUBILITY BY CHEMICAL TEST 
The second source of new information is a laboratory investiga-
tion relating to the matter of making raw rock phosphate soluble and 
available for plant growth: 
In Illinois Bulletin 182, "Potassium from the Soil," it id shown 
that decaying organic matter has power to dissolve potassium from 
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the natural potash minerals contained in such abundance in our com-
mon corn-belt soils; and in Illinois Bulletin 190, ''Soil Bacteria and 
Phosphates,'' the fact is established that the nitrifying bacteria, which 
convert the organic nitrogen of manure and crop residues into soluble 
nitrate nitrogen, have pow~r by ~eans of the nitrous acid produced, 
to dissolve rock phosphate. To many of you those bulletins are al-
ready familiar, and they are easily available to all others, so that I 
need riot discuss them here. I do wish, however, to present some facts 
from another laboratory investigation. 
The question is often asked whether raw rock phosphate does not 
contain a small amount of easily available phosphorus, and whether 
the remaining larger portion will ever become available for plant food. 
Numerous organic acids are produced in the fermentation (or 
souring) and decay of organic matter, as in fermented corn silage, in 
saner kraut, sour milk, vinegar, etc. Even fresh vegetation may con-
tain some organic acids, especially the fruits. In citrus fruits the 
well known citric acid is found, and for many years the chemist has 
used this organic acid to estimate the availability of basic slag phos-
phate, which, like rock phosphate, is insoluble in water, altho, in spite 
cf long-continued opposition, it came to be used by millions of tons 
annually in European agriculture. 
Five grams of the slag phosphate is treated with 500 cubic centi-
meters of 2-percent citric acid for thirty minutes, and the percentage 
• of phosphorus thus dissolved has been accepted as a measure of the 
availability of the phosphate. 
This method has been applied to ground natural rock phosphate, 
and it was found that, of the total phosphorus present in the rock, 
19.6 percent was dissolved from Florida pebble phosphate, 33.9 per-
cent from Florida soft phosphate, 23.2 percent from Tennessee brown 
phosphate and 21.3 percent from Tennessee blue phosphate, all of 
these phosphates having been ground so as to pass thru a sieve with 
10,000 holes per square inch. 
Now, the undissolved residues frqm these fitst extractions we:r:e 
simply treated a second time with the same amount of 2-percent citric 
acid, and, behold, of the total phosphorus originally present in the 
rock an additional18.5 percent was dissolved from ~he Florida pebble; 
28.5 percent from the soft phosphate, and 18 percent from the brown 
rock and 18 percent frt>m the blue rock, of Tennessee. Furthermore, 
additional extractions dissolved additional amounts of phosphorus, and 
with five successive extractions by the same method the total phos-
phorus dissolved amounted to 85.4 percent of that contained in the 
Florida pebble, to 89.6 percent of that in the soft rock, to 87.3 per-
cent of that in the brown rock, and to 90.7 percent of that in the blue. 
Six extractions dissolved nearly 100 petcent. 
Certainly these investigations indicate that the portion of the 
rock phosphate which is first dissolved by the organic acids is not 
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particularly different from that which remains in the soil for the 
benefit of.subsequent crops, and that, with continued or repeated sup-
plies of decaying organic matter, all of the rock phosphate applied 
may safely be regarded as a recoverable asset. 
Th~s method of investigation was suggested in February, 1916, 
by Professor G. S. Robertson of England, and the analyses of Florida 
pebble phosphate were made by him. The Florida soft rock was 
analyzed at my request in two different commercial chemical labora· 
tories, the averages being reported in the table; and the Tennessee 
phosphates were analyzed by my associate, Mr. J. P. Aumer, at the 
University of Illinois. · 
SOLUTION OF -RoCK PHOSPHATE (100 MESH) IN 2-PERCENT CITRIC ACID 
I 
Florida I Florida I Tennessee I Tennessee 
Kind of rock. . . . . • • • . • . . • • • . . • . . pebble soft brown blue 
phosphate • phosphate phosphate phosphate 
Phosphorus in Rock, D~y Basis 
Percent ... • ................. . .. . 1\ 13.76 9.49 \ 14.91 14.63 
Phosphorus, Percent Dissolved of Total Present 
First extraction ................. 19.6 33.9 23.2 "21.3 
Second extraction .......•....... 18.5 28.5 18.0 18.0 
Third extraction .....•••......... 17.3 19.1 17.3 18.3 
Fourth extraction ... . ............ 16.3 5.5 16.4 18.2 
Fifth extraction ....•....•..•.... 13.7 2.7 12.4 14.9 
-- -- --
--
Five extractions ........ . ......•• 85.4 89.7 87.3 90.7 
Sixth extraction .•.....•......... . .. . .. 10.2 8.3 
-- --
Six extractions ............ . .. . ... . .. . .. 97.5 !19.0 
These laboratory data support the actual field results, which have 
shown large residual benefit from liberal applications of natural phos~ 
phates, especially in the Rhode Island experiments, which were con· 
tinued for twenty years. 
In conclusion, I beg to commend to your attention the recent 
encouraging words from Doctor Davenport, our agricultural Dean and 
Director: 
''The fundamental facts of soil fertility and crop production are 
slowly but surely becoming established, and the farmer has begun to 
shape his agricultural practice by the discoveries of science. 
"When we remember that chemistry as a science dates practically 
from the time of the American Revolution,. . . . and when we recall 
that the great science of bacteriology has entirely developed since the 
time of our Civil War ........ , it is evident that rapid progress is 
being made in the establishment of farming on a truly scientific basis, 
and that slow as discovery seems to be, it is after all relatively rapid." 
